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SEMICONDUCTOR WITH A NITRIDED 
SILICON GATE OXIDE AND METHOD 

TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to the field of 
integrated circuit fabrication, and more particularly to 
a semiconductor with a nitride'd silicon' gate oxide and- a 
method for forming same. 
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BACKGROUND OF THE INVENTION 

Presently, there is a great demand for shrinking 
semiconductor devices to provide an increased density of 
devices on the semiconductor chip that are faster and 
consume less power. The scaling of devices in the lateral 
dimension requires vertical scaling as well so as to- 
achieve adequate device - performance. 

Gate stacks may comprise a gate oxide overlying a 
gate dielectric. The gate oxide may comprise silicon 
dioxide or, more recently, a nitrided gate oxide. 
Traditionally, plasma-assisted nitridation of silicon 
oxide to form nitrided gate oxide structures is achieved 
by creating a silicon dioxide layer on the surface of a 
substrate and reacting the silicon dioxide layer with 
ionized nitrogen generated by a plasma source. 
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SUMMARY OF THE INVENTION 

A method of fabricating a transistor includes 
providing a semiconductor substrate having a surface and 
forming a nitride layer outwardly of the surface of the 
5 substrate. The nitride layer is oxidized to form a 
nitrided silicon oxide layer comprising an oxide layer 
beneath the nitride layer. ' A high-K layer is deposited 
outwardly of the nitride layer, and a conductive layer is 
formed outwardly of the high-K layer. The conductive 

10 layer, the high-K layer, and the nitrided silicon oxide 
layer are etched and patterned to form a gate stack. 
Sidewall spacers are formed outwardly of the 
semiconductor substrate adjacent to the gate stack, and 
source/drain regions are formed in the semiconductor 

15 substrate adjacent to the sidewall spacers. 

Technical advantages of the present invention 
. include an improved gate dielectric with low nitrogen 
incorporation in the substrate. The low nitrogen 

incorporation increases electron mobility and limits 

20 voltage shift. In addition, low nitrogen incorporation 
limits migration of oxygen atoms into the substrate and 
thus increases the efficiency of transistor components. 

Certain embodiments may possess none, one, some, or 
all of these technical features and advantages and/or 

25 additional technical features and advantages. Other 
technical advantages will be readily apparent to one 
skilled in the art from the following figures, 
description, and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and its advantages, reference is now made to 
the following description, taken in conjunction with the 
accompanying drawings, in which: 

FIGURES 1A-G are a series of ■ schematic cross - 
sectional diagrams illustrating a method of method of 
fabricating - a transistor in accordance with one 
embodiment of the present invention; and 

FIGURE 2 is a graph illustrating a profile of atomic 
percentage of nitrogen in the gate stack in accordance 
with one embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIGURES 1A-1G are a series of schematic cross- 
sectional diagrams illustrating a method of fabricating a 
transistor in accordance with one embodiment of the 
5 present invention. The method shown in FIGURES 1A-1G may 
be used in both positive metal oxide semiconductor (PMOS) 
and negative metal oxide semiconductor (NMOS) devices. 

Referring to FIGURE 1A,' substrate 10 may comprise "a 
silicon substrate or silicon epitaxial layer. However, 

10 other substrates may alternatively be used. Substrate 10 
will conventionally have already undergone several 
processing steps. For example, formation of isolation 
structures 12 may have been performed. An oxide layer 14 
may have formed on the surface of the substrate due to 

15 exposure of the substrate to air or otherwise. 

Referring to FIGURE IB, the substrate 10 is stripped 
with hydrofluoric acid (HF) 16 or otherwise treated or 
cleaned so as to remove oxide layer 14 and/or other 
impurities from the surface of the substrate. 

20 Referring to FIGURE 1C, nitride layer 18 is formed 

outwardly of the surface of the substrate 10. In one 
embodiment, nitride layer 18 may be formed outwardly of 
the substrate by being formed on the substrate. In 
another embodiment, nitride layer 18 may be formed 

25 outwardly of the substrate by being formed on an 
intermediate layer. In a particular embodiment, the 
nitride layer 18 may be formed by subjecting the surface 
of the substrate 10 to plasma 17. The source of nitrogen 
for the plasma 17 may be a nitrogen containing precursor 

30 such as N 2 or NH 3 or a mixture thereof with a suitable 
inert gas (He, Ar, etc.) or oxidizing gas (NO, N 2 O, 0 2 , 
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etc.). The plasma is preferably a high density plasma. 
The plasma may be generated by a helical-resonator 
source, an electron-cyclotron resonance source, or an 
inductively coupled source. 
5 During plasma nitridation, the substrate 10 may be 

unbiased,- in which case the ionized- substances are 
accelerated by the plasma potential (on the order of 20 
Volts) and then implanted into the substrate 10 surface. 
A bias can be applied to the substrate 10 to further 
10 accelerate the ions from the plasma and implant them 
deeper into the surface. Either a direct current (DC) or 
radio frequency (RF) bias may be applied to the substrate 
10. 

In a particular embodiment, the plasma nitridation 

15 process may comprise the following process conditions: 
plasma density between 1 x 10 10 to 1 x 10 12 cm* 3 ; nitrogen 
flow between 1-2000 seem preferably 1-100 seem) ; 
pressures on the order of 1-300 mTorr (preferably 1-50 
mTorr) , temperature in the range of 77 K to 773 K; 

20 substrate bias in the range of 0 to 200 Volts; a 
temperature may be less than about 500° C; and a duration 
in the range of 1 to 300 seconds. Nitride layer 18 may 
comprise a mixture of Si 3 N 4 and SiO x N 4 . In a particular 
embodiment, the nitride layer 12 may have a thickness of 

25 about 10 - 12 Angstroms. 

Referring to FIGURE ID, after the formation of 
nitride layer 18, oxide layer 20 is formed beneath 
nitride layer 18. In a particular embodiment, oxide 
layer 20 is formed beneath nitride layer 18 by thermal 

30 oxidation of the substrate 10 and nitride layer 18. 
Thermal oxidation in a particular embodiment may take 
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place at a temperature of about 600-1000 °C in an 
oxidizing ambient such as 0 2 , N 2 0 f NO, dilute steam, or 
another suitable oxidant. The oxide layer 20 may comprise 
Si0 2 , but may also comprise an amount of nitrogen in the 
form of SiO x N 4 or other compounds. Nitride layer 18 may 
retard the oxidation, resulting in control over the 
thickness of the oxide layer 20. Together, nitride layer 
18 and oxide layer 20 form nitrided silicon oxide layer 
22. The thickness of the nitrided silicon oxide layer 22 
may be optimized for using the nitrided silicon oxide as 
a gate oxide. In a particular embodiment, oxide layer 20 
may have a thickness of about 2-10 angstroms and 
nitrided silicon gate oxide layer 22 may have a thickness 
of about 14 - 20 angstroms. 
15 Referring to FIGURE IE, in a particular embodiment, 

a gate dielectric 24 comprising a material with a high 
dielectric constant, or with "high-K, " is formed 
outwardly of nitride layer 18. High-K is used herein to 
refer to a dielectric material having a dielectric 
20 constant greater than about 7. in particular 

embodiments, materials having a dielectric constant from 
7 to 30 may be used. The high-K dielectric layer may 
comprise an oxygen- containing material such as Ta 2 O s , 
BaTi0 3 , Ti0 2 , Ce0 2 , or barium strontium titanate. The 
2 5 high-K dielectric layer 24 may be formed by thermal or 
plasma-assisted processes, atomic layer epitaxy, or by 
any other suitable methods. 

Referring to FIGURE IF, conductive layer 26 is 
formed outwardly of high-K layer 24. Conductive layer 26 
may comprise polysilicon, metal, or another suitable gate 
material . 



30 
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Referring to FIGURE 1G, conductive layer 26, high-K 
dielectric layer 24, and nitrided silicon oxide layer 22 
are patterned and etched to form gate stack 28 including 
gate (layer 26) and gate dielectrics (layers 22 and 24) . 
5 Fabrication of transistor 40 may be completed by 
implanting drain extension regions 36, depositing and 
etching a dielectric to form sidewall spacers 30, and 
implanting source/drain regions 32. 

FIGURE 2 is a graph illustrating an example profile 

10 of atomic percentage of nitrogen in nitride layer 18 and 
oxide layer 20 accordance with one embodiment of the 
present invention. Substrate 10, nitride layer 18, and 
oxide layer 2 0 are shown on FIGURE 2 relative to depth. 
The profile of atomic percentage of nitrogen reflects the 

15 oxidation of the nitride layer 18 and substrate 10 as 
described in reference to FIGURE ID. 

In the illustrated embodiment, the atomic percentage 
of nitrogen at the top of nitride layer 18 is about 9% 
(and this value ranges from 6% to 12% in particular 

20 embodiments) , and the percentage peaks at 15% within 
nitride layer 18 (the peak may range from 10% to 20% in 
particular embodiments) . The percentage decreases with 
depth within oxide layer 20, reaching about 11% at the. 
boundary between substrate 10 and oxide layer 2 0 (and 

25 this value ranges from 8% to 14% in particular 
embodiments) . Although example values and ranges of 
atomic percentage of nitrogen have been given, it should 
be understood that any appropriate values may be used in 
particular embodiments. 

30 Although the present invention has been described 

with several embodiments, a myriad of changes, 
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variations, alterations, transformations, and 

modifications may be suggested to one skilled in the art, 
and it is intended that the present invention encompass 
such changes, variations, alterations, transformations, 
5 and modifications as fall within the scope of the 
appended claims. 
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